The provenance and depositional setting of the human remains in the Dietersberg Cave, located in the Franconian Alb in Southern Germany, are evaluated based on 14 C-dates and stable isotope analyses (C, N, O, Sr). Four basic scenarios are discussed: (1) human sacrifice, (2) 'regular' burial place for a small social unit, (3) special social group (e.g. slaves) and (4) special circumstances of death (e.g. fatal illness). Scenarios 1 and 2 are unlikely as the age distribution includes all ages and both sexes and the 14 C-dates of the human remains span most of the Iron Age which would result in an implausible small burial community. Stable isotope analyses also render the deposition of slaves (scenario 3) implausible because a high proportion of the individuals were probably of local origin and their diet was not fundamentally different from that of contemporary populations. The archaeological evidence points to a social bias (i.e. low social standing) as reason for deposition. However, the high numbers of apotropaic objects and of perinatals also suggest that scenario 4 might be plausible for at least some of the individuals. The cave was probably a place of deposition not only for one category of individuals but also for those whose burial in the 'regular' cemetery was not considered appropriate.
Introduction
It has been argued that about 10% of the approximately 3000 caves of the Franconian Alb contain archaeological finds and that of these, 100 probably also contain human bones (Graf et al. 2008) . For decades, these human skeletal remains were considered to reflect rites of sacrifice and even cannibalism (e.g. Torbrügge 1979, 62; Pauli and Glowatzki 1979, 147ff.; Ettel 2002) .
However, the reassessment of the Iron Age finds from the Dietersberg Cave near Egloffstein/Franconian Jura by Norbert Baum in 1999 (Baum 1999) , together with the publications of Peter-Röcher (1997 , 2003 , mark a paradigm-change in the interpretation of human remains from these caves. Baum found no evidence for either sacrificial or anthropophagic rituals on the human bones. He concluded based upon the fairly normal age distribution of the 46 individuals (see below) that the cave had been used as a 'regular' burial ground. He further speculated that perhaps a family of beekeepers had buried their dead in this cave for a few generations because of the bad condition of their teeth (Baum 1999, 101) .
In order to assess the competing hypotheses outlined below and find evidence for possible alternative explanations, the human remains found in the Dietersberg Cave were 14 C dated, and their carbon, nitrogen, oxygen, and strontium isotope compositions were analysed in a project "Settlement burials of the Early Iron Age" funded by the German Research Foundation (Deutsche Forschungsgemeinschaft).
A few scenarios have been put forward as plausible explanations for the deposition of human remains in caves like Dietersberg: (1) For a long time, the predominant paradigm was that humans were thrown into the cave as a kind of sacrifice.
(2) The alternative interpretation put forward by Baum assumed that the cave served as a 'regular' burial ground for a small social unit. (3) Another possibility could be that the dead in the cave were part of a special social group, for example, individuals with particularly high or low social standing (e.g. slaves). (4) Finally, it seems conceivable that the humans fell victim to special circumstances of death or fatal illness and therefore were placed in the cave as special burial ground reserved for such individuals.
Assuming that Baum was correct in his interpretation of the dead in the Dietersberg Cave as members of a family of beekeepers and therefore considering the cave as a 'regular' burial place (scenario no. 2), we can expecttaking the relatively small sample size into account 1that the depositions happened within a short time interval. Furthermore, if they were really beekeepers, differences in diet compared to contemporaneous groups are expected. On the other hand, if the humans were sacrificed in the cave (scenario no. 1), we might expectassuming that they were slaves and/or prisoners of wara provenance from different regions. This would be reflected in non-local strontium and possibly oxygen isotope signatures (if isotopically distinct water sources were used) of their bones and teeth. This would probably also hold for scenario no. 3. Only for scenario no. 4, isotope analyses a priori would seem of limited help. In this study, we combine 14 C dating of bones with stable isotope analysis of teeth from the Dietersberg humans to assess their burial history, provenance and diet and to determine which of these different scenarios is most plausible.
The Dietersberg Cave: geology, stratigraphy and physical anthropology
The Dietersberg Cave was discovered in the 1920s and excavated in 1928 by the local speleologist Josef Richard Erl. 2 The cave is situated on the western edge of the Franconian Alb at about 425 m above sea level near Egloffstein/Ldkr. Forchheim (cf. Fig. 1 ). This Dietersberg Cave developed due to karst processes of the Upper Jurassic marine limestones ('Malm Delta') and has a cave geometry typical of the Franconian Alb, consisting of a very narrow cleave with a depth of about 11 m. The cave entrance measures only 1.0 to 1.5 m so entering (and excavating) the cave is very difficult and would have been so in the past. It can therefore be assumed that items deliberately deposited in the cave were not meant to be recovered.
Archaeological finds were concentrated on a limestone debris cone, which marked the lower boundary of the deposits. Above the bone-bearing layer was another sediment layer, which yielded no archaeological material. This stratigraphic succession seems to indicate a continuing depositional practice within a relatively short time interval. The debris cone consisted of marly sediment in which many smaller and larger fragments of the limestone bedrock were embedded; in this substrate, bones and other archaeological objects occur without any apparent order. Only two bronze rings (see below) were found in situ still encircling arm bones.
Today, a minimum number of 46 individuals have been identified based on the mandible, which is the most common diagnostic bone present in the assemblage, because the human remains underwent heavy selection processes during and after excavation. Baum (1999, 88ff.) , however, argues convincingly that complete bodies were originally deposited in the cave.
Apart from the human bones, only a few other items were found: 12 earrings, seven arm rings, 13 eye beads, four cowrie snails, one iron lance head, and one ceramic vessel. These finds are unambiguously dated to the Early Iron Age (periods HaD to LtB, c. 620-250 cal BC; cf. Baum, 1999, 88) .
Of the 38 individuals sampled for the present study, only seven were sexed by N. Baum. 3 This is not surprising as he had only the mandibulae and in a few cases where a calvarium could be matched to a certain mandibula, the whole skull. Four individuals were classified as female and three as male. Age-at-death estimation was performed using X-ray images of the mandibulae (Baum 1999, 93) . Based on this age distribution, Baum argued that the assemblage resembled that of a 'regular' cemetery (ibid. 105). However, many newborns are conspicuous, particularly when contrasted to the very low proportion observed in 'regular' cemeteries (see further below). Several non-metric, morphological traits of the skeletal remains were taken by Baum as indicators of family relationships within the individuals deposited in the cave in general. 4 As mentioned above, Baum put special emphasis on the bad condition of the teeth, many were lost intra vitam or when still present showed signs of caries (frequency of caries among the adults: 25.7% 5 ); this observation led him to suggest that these people had perhaps consumed large amounts of cariogenic substances such as honey.
In Table 1 , the anthropological information of specimens analysed in this study is provided (based on Baum 1999).
Material and methods
A representative sample of 13 bones was radiocarbon dated in the Friedrich-Alexander-University of Erlangen-Nuremberg AMS 14 C-laboratory. Ten mandibulae were sampled for 14 C dating, while another three long bones (right femora) had already previously been 14 C-dated (see Table 1 for details). Therefore, it cannot be ruled out that one or more individuals have been sampled twice. 6 The 14 C-results were analysed with OxCal 4.2.4 (Bronk Ramsey 2009) to obtain calibrated 14 Cages and a probability density plot with the lower and upper boundaries of the age distribution ( Fig. 2) .
As far as possible, all individuals identified by Baum were sampled for stable isotope analyses (see Table 1 ). In addition, 4 Baum 1999, 99;  according to Baum three of 19 individuals with a preserved Os frontalis showed a persisting frontal suture (Sutura metopica) while 13 of 16 skull fragments of the Os occipitalis had additional bones in the Sutura lambdoidea (Ossicula suturae lambdoideae). However, in his catalogue only three of 16 individuals for Sutura metopica and eleven of 14 for the ossiculae are explicitly named. It is not clear how this divergence is to be explained. 5 According to the formula (teeth with caries + closed alveoles) * 100/ observable tooth positions, this value differs from the value given by Baum 1999, 96 , because we did not include alveoles with pathogenic signs as this might lead to double counting (there are many isolated teeth in the collection which Baum included); furthermore, Baum obviously did not add closed alveoles to the sample size. four animal bones from the cave (mandibulae belonging to a fox, pig and cow and the limb bone of a cat), registered in the Natural-Historical Museum Nuremberg, were sampled in order to obtain a local baseline value for 87 Sr/ 86 Sr. Nitrogen and carbon isotopes are frequently used to reconstruct the diet of archaeological humans. Carbon isotopes ( 13 C/ 12 C expressed as δ 13 C value) permit the quantification of C 4 plant consumption such as maize or millet (see review by Ben-David and Flaherty 2012) and are also used to detect the contribution of food from marine resources to diet (e.g. Sealy 2001 ). The consumption of both types of food sources (C 4 and marine) results in higher δ 13 C values than consumption of resources from terrestrial C 3 plant-based food webs. In contrast, freshwater fish consumption leads to variable, primarily low δ 13 C values compared to consumers of terrestrial food sources (Peterson and Fry 1987) .
While δ 13 C collagen reflects the carbon isotope composition of the ingested protein, the δ 13 C carbonate reflects the carbon isotope composition of the bulk diet with a specific apatitediet spacing (Δδ 13 C apatite-diet ) (Ambrose and Norr 1993) . This offset Δδ 13 C carbonate-collagen between structural carbonate and collagen therefore indicates different amounts of ingested protein versus lipids/carbohydrates. This offset can vary due to differences in digestive physiology and diet but is used to distinguish consumption of animal and plant matter, i.e. herbivory from carnivory (Codron et al. 2018 and references therein) , but also to assess the degree of protein intake from C 3 and C 4 plant-based resources in omnivorous humans (Ambrose et al. 2003; France and Owsley 2015; Goude et al. 2017 ). Since the region was dominated by C 3 plants that time, Δδ 13 C carbonate-collagen in the skeletons from the Dietersberg Cave should be largely a measure for the proportion of animal-derived food in the daily diet. Edible plants provide much less fat than animal products, and since fat is depleted in 13 C, Δδ 13 C carbonate-collagen is significantly lower in carnivores compared to herbivores. This way, a negative relationship between δ 15 N and Δδ 13 C carbonate-collagen is expected.
Nitrogen isotopes ( 15 N/ 14 N expressed as δ 15 N value) increase systematically with each trophic level in a food chain (e.g. Caut et al. 2008 ). The δ 15 N values of bone collagen are proxies not only for the consumption of animal proteins, i.e. the amount of meat (e.g. Styring et al. 2010), but also for (mother's) milk (Fogel et al. 1989; Kornexl et al. 1997; Fuller et al. 2003) . Therefore, δ 15 N can also be used as a proxy to determine the age of weaning (e.g. Fuller et al. 2003 Fuller et al. , 2006a Fuller et al. , 2006b .
In a Europe-wide study on stable isotopes of honey, Schellenberg et al. (2010, 772 Table 1 ) also included samples from Franconia. The samples (n = 40) showed a mean (± 1SD) δ 13 C value of − 26.2 ± 0.5‰ V-PDB and a mean δ 15 N value of 2.6 ± 1.6‰ AIR, respectively. The proportion of honeyderived products in the human diet required to result any significant isotopic effect can only be hypothesized. Based on isotopic values of modern honey, honey-consuming individuals would probably have δ 13 C values similar to individuals eating other C 3 plant-derived food.
For C and N isotope analysis of collagen, a piece of each corpus mandibulae (minimum 250 mg) was taken. The collagen extraction followed a standard protocol (e.g. Becker and Grupe 2012) . As a precaution, individuals with collagen, yielding abnormally low or high N (≤ 5.31 or ≥ 19.87 wt%) or C concentrations (≤ 13.64 or ≥ 53.0 wt%) or C/N ratios (≤ 2.85 or ≥ 3.65), were excluded. Only 28 individuals from the Dietersberg Cave yielded results in the acceptable parameter ranges. C and N isotope composition of the well-preserved collagen samples were measured using a Flash EA 2000 elemental analyser connected online to a Thermo Finnigan Delta V Plus mass spectrometer at the GeoZentrum Nordbayern (Prof. Dr. M. Joachimski). δ 13 C and δ 15 N values were determined with a precision of 0.1‰ and 0.2‰, respectively.
Oxygen isotopes ( 18 O/ 16 O expressed as δ 18 O value) of both the carbonate and the phosphate fraction of the bioapatite are related to meteoric water and are predominantly controlled by drinking water (Longinelli 1984; Daux et al. 2008 ). Thus, the use of isotopically distinct water resources from different water bodies, altitudes or latitudes can potentially be detected (e.g. White et al. 2004) . δ 18 O values can vary by up to 1.5‰ within a human population as the result of metabolic processes (Lightfoot and O'Connell 2016) . In addition, δ 18 O values from the structural carbonate fraction, especially in bone, are prone to diagenetic alteration. Considering these caveats, interpretation of interindividual differences in δ 18 O should be regarded with caution.
The integrity of the bone apatite can only be assessed by the application of mineralogical methods. As a conservative measure, the δ 18 O c values of those samples, which were excluded due to deviant collagen C and N concentrations and molar C/N ratios, were also not considered for interpretation, because of potential diagenetic changes. Thus, only for 28 individuals, reliable δ 18 O c values are available. The δ 18 O c values of the structurally bound carbonate in the bone bioapatite were measured after deproteinization of c. 100 mg bone powder (cf. Becker and Grupe 2012) using the classical phosphoric acid extraction using 100% H 3 PO 4 in a GasBench II connected to a ThermoFisher Delta V Plus mass spectrometer at the GeoZentrum Nordbayern (Prof. Dr. M. Joachimski). The δ 13 C and δ 18 O c values of the carbonate were measured with a precision of 0.1‰ and 0.15‰, respectively.
Strontium isotopes ( 87 Sr/ 86 Sr) are related to bioavailable Sr, which reflects the lithology and geological age of the bedrock substrate on which the food is ingested (e.g. Beard and Johnson 2000; Price et al. 2002; Bentley 2006; Maurer et al. 2012) . Therefore, combined Sr and O isotope analyses can be used to trace the provenance and mobility of individuals (e.g. Chenery et al. 2010; Eckardt et al. 2009; Evans et al. 2006; Tütken et al. 2008a, b; Tütken 2010) .
Only teeth, and whenever possible molars, were sampled for strontium isotope analyses (see Table 1 for details). All except one of the 34 individuals (Baum No. 6 ) (excluding the four perinatals) were measured successfully.
Sample preparation and strontium isotope analysis was performed using published protocols (Becker and Grupe 2012) . In brief, the teeth were heated to 300°C, and enamel was separated from dentin by hand-picking. The enamel fragments were then leached with suprapure 1 M acetic acid to remove any adhering diagenetic Sr. The cleaned enamel was then ashed at 550°C and powdered in an agate mortar. The enamel powder was digested in distilled 12 M HNO 3 , the strontium was separated by ion chromatography using Sr-Spec (50-100 mesh) resin. The Sr fraction of each sample was diluted in 2% HNO 3 to a 100 ppb solution to measure the 87 Sr/ 86 Sr with a ThermoFisher Neptune MC-ICP-MS at the University of Bonn. All data were normalized to a 87 Sr/ 86 Sr of 0.71025 for the NIST SRM 987 standard on a daily basis which was measured after each third sample. Some of the 87 Sr/ 86 Sr were measured with a Finnigan MAT 262 thermion mass spectrometer at the University of Munich. External reproducibility of 87 Sr/ 86 Sr for both laboratories was better than 0.000016.
Results

Radiocarbon ages
The 14 C-dates (n = 13) of the human bones are spread relatively evenly across the Early Iron Age (see Table 1 ). A combined calibration of all data from the Dietersberg Cave generated using the "Combine" function in OxCal results in a chisquared value of 63.1, which is much higher than the critical value of 21 for the 5%-probability level with 12 degrees of freedom (Suppl. 2). Therefore, it is extremely unlikely that the individuals (i.e. bones) were deposited in the cave in one single event. It is far more likely, as is implied by the boundaries of the modelled data ( Fig. 2; Suppl. 3), that the deposition process continued for~500 years. Deposition appears to have begun shortly before 800 cal BC and ended before 300 cal BC. This time span even exceeds the one reflected by the archaeological finds, which date to the archaeological periods HaD to LtB (see above), roughly equivalent to 620 to 250 cal BC (see, e.g. Hald 2009, 44ff . for a recent review of the absolute chronology of the Central European Iron Age).
Strontium isotopes
The three animal bones exhibit a wide range of values of 87 Sr/ 86 Sr of 0.71120 (fox), 0.71139 (pig) and 0.70947 (cow), respectively. The human individuals from the Dietersberg Cave also show a high variability (Fig. 3) the variability of 87 Sr/ 86 Sr measured in the teeth far exceeds the isotopic variability typical for individuals belonging to a local population (± 0.00015, Burton and Price 2013) . Adult individuals cover a slightly larger range of values than non-adult ones. While the latter measure between 0.70869 and 0.71201 (n = 16), the former display a range from 0.70823 to 0.71296. Of the seven individuals sexed by Baum, only six were analysed for 87 Sr/ 86 Sr, including four female individuals and two of the three males. While it is obvious that no statistically meaningful results are to be expected from such a small sample size, it is still interesting that the two males show higher 87 Sr/ 86 Sr than any of the female individuals.
There is no correlation between the 14 C-dates and 87 Sr/ 86 Sr (not shown), indicating that the spatial origin of the individuals deposited in the cave probably remained more or less the same over the time.
Stable oxygen isotopes
The oxygen isotope composition of the structural carbonate (δ 18 O c ) in all bones varies between −6.9 and −9.2‰ (n = 28) with a mean value of −8.0‰. Most of the δ 18 O c values cluster between −8.0 and −7.3‰ (Fig. 4) : however, in terms of age, interesting patterns emerge (Fig. 5) .
With two exceptions, only adults exhibit values < −8.3‰. The two exceptions are a perinatal individual (perinatal A) and a very young child aged 0.5-years (no. 38), both of which may still have been in isotopic equilibrium with their mothers (Britton et al. 2015) . Apart from these, non-adult individuals (n = 15) show a very clear maximum between −7.7 and −8.0‰. In contrast, for the adults (n = 13), a bimodal distribution can be observed with higher values between −7.0 and −8.0‰ corresponding roughly to the youngest age class, while lower values between −8.7 and −9.5‰ are restricted to individuals older than 20 years. As there are too few sexed individuals who meet the quality criteria, it cannot be determined whether or not sex played a role in this differentiation.
Furthermore, we can neither falsify nor support Baum's hypotheses concerning the family relationship of the individuals deposited in the cave. In terms of the ossiculae suturae lambdoideae for the two individuals sampled without these additional bones, the information is inconclusive: viewed from the 87 Sr/ 86 Sr perspective, they might have lived on the same bedrock substrate and thus potentially could have shared a common place of origin (no. 5: 0.71136; no. 10: 0.71125; the δ 18 O value for no. 10 had to be excluded). The individuals with these additional bones (n = 9) exhibit even higher variability of 87 Sr/ 86 Sr and δ 18 O. The three individuals with a persisting frontal suture (Sutura metopica) obviously came from different locations (no. 1: 87 Sr/ 86 Sr = 0.71001, δ 18 O = −9.0‰; no. 7: 87 Sr/ 86 Sr = 0.70823, δ 18 O excluded; no. 21: 87 Sr/ 86 Sr = 0.71202, δ 18 O = −7.3‰).
Stable nitrogen and carbon isotopes
The variability of the δ 13 C and δ 15 N values of the collagen (n = 29) is considerable. δ 13 C values vary between −21.8 and −16.8‰, with a mean value of −20.3 ± 1.0‰, while δ 15 N values range between 7.5 and 11.4‰, with a mean value of 8.9 ± 0.9‰. The δ 13 C values of bone carbonate (n = 28) vary between −13.8 and −5.0‰ with a mean value of −11.4‰. The spacing of the carbonate and collagen δ 13 C values (Δδ 13 C carbonate-collagen ) is highly variable accordingly, and Δδ 13 C values cover a large range between 4.3 and 14.9‰ (Table 1 ) with a mean value of 8.8 ± 1.9‰.
There does not seem to be a correlation between δ 13 C and δ 15 N values and 87 Sr/ 86 Sr values. Noteworthy, however, is the distribution according to age (Fig. 6 ). Children below an age of 3 years have δ 15 N values > 10.5‰, while children > 3 years have δ 15 N values similar to adults. On the other hand, the youngest individuals, the perinatals, largely fit into the group of adults. There is one outlier with a δ 13 C value of −17.5‰ (perinatal D), close to an adult individual at −16.8‰ δ 13 C (no. 23).
Interestingly, the group of adults with δ 18 O values < −8.3‰ (n = 6) also have similar δ 15 N compositions which vary only slightly (between 8.5 and 9.3‰). In contrast, δ 15 N of the other adults with higher δ 18 O values (n = 7) range between 7.5 and 9.6‰ (Fig. 7) .
In terms of Δδ 13 C carbonate-collagen , differences between the age classes show up too, and there is an almost perfect separation between adult and non-adult individuals. Only adults exhibit values below 8.5‰, with the exception of one adult (no. 30), while all non-adults have values of 8.5‰ or above (Fig. 8 ).
Discussion
The isotopic data from Dietersberg Cave were compared with a contemporary 'regular' burial place Dietfurt a. d. Altmühl 'Tennisplatz', located about 80 km to the south-southeast of the cave (Röhrig 1994) . This is the nearest cemetery of reasonable size with the most complete data set. However, we also refer to other burial places further away when necessary and helpful.
87
Sr/ 86 Sr and δ 18 O baselines
For all four scenarios outlined in the introduction, the geographic origin of the individuals in the Dietersberg Cave bears immediate relevance. Therefore, it is important to establish baselines for locally bioavailable 87 Sr/ 86 Sr and δ 18 O ingested via food and water, respectively, which enable us to infer whether the humans were of local origin.
In provenance studies based on 87 Sr/ 86 Sr, the conservative approach of defining the 'local' baseline for bioavailable 87 Sr/ 86 Sr of a population is to compute the mean value for all individuals ± two standard deviations. This is, however, only appropriate if the 87 Sr/ 86 Sr values have a unimodal distribution, but the Dietersberg Cave specimens display a multimodal distribution. In this case, parametrics like arithmetic mean and standard deviation are not applicable.
Other approaches look at the geologic bedrock or try to analyse local faunal, plant or water samples, to characterize the 87 Sr/ 86 Sr of the biologically available strontium (e.g. Maurer et al. 2012 ). However, these approaches also have their own problems. For instance, it is well known that 87 Sr/ 86 Sr in a consumer's tissue is dependent on the bioavailable 87 Sr/ 86 Sr entering the biosphere, which can differ considerably from the 87 Sr/ 86 Sr of the bedrock substrate (e.g. Maurer et al. 2012) . Moreover, 87 Sr/ 86 Sr is strongly influenced by diet. As a consequence, variance in consumer 87 Sr/ 86 Sr is highly compressed compared to that in rocks: of 4885 human enamel samples from six continents, 95% of the 87 Sr/ 86 Sr fell into the narrow range between 0.7047 and 0.7190. The intrapopulation 87 Sr/ 86 Sr difference for humans from a single location is estimated at about 0.0003 (Burton and Price 2013) .
The isotopic spacing of the three animal bones (0.00191) is already a magnitude higher than this estimate of a local range and is even considerably exceeded by the isotopic spacing of the human teeth (0.00473) from Dietersberg Cave. This implies a provenance of the individuals from different places or that the bioavailable 87 Sr/ 86 Sr in the surrounding area is more variable than usual. The Franconian Jura is dominated by marine limestones of Late Jurassic Age, which form the plateau of the Franconian Alb that extends north-south. The Alb is surrounded by predominantly siliciclastic sedimentary rocks of the Middle and Early Jurassic (Fig. 1) . The Late Jurassic "Malm" limestones and marlstones have 87 Sr/ 86 Sr between 0.707 and 0.710. In the south, the bedrock substrate of the foothills of the Alps and the Molasse basin is composed of siliciclastic sediments of Tertiary and Cenozoic age. The area in the west is formed by Upper Triassic sedimentary rocks of the Keuper, mostly clay to sandstones, with 87 Sr/ 86 Sr between 0.708 and 0.711. Regions with higher (more radiogenic) 87 Sr/ 86 Sr > 0.711, like bunter, Palaeozoic granite and metamorphic bedrock of the Bohemian Massif, are found to the east of the Franconian Jura (Fig. 1 ) (see Stephan 2009 and references therein) .
Archaeological studies applying 87 Sr/ 86 Sr as provenance tracer on faunal or human remains have so far mostly concentrated on Baden-Wurttemberg and Southern Bavaria. A large strontium isotope database of bedrock, water and human and animal remains has been compiled by E. Stephan (2009; s. a. Bentley et al. 2003; Bentley and Knipper 2005) along with a large faunal sample from the Iron Age. Stephan (2009) determined that modern and archaeological skeletal remains from Jurassic bedrock substrates in Baden-Wurttemberg have 87 Sr/ 86 Sr that varies between 0.70834 and 0.70978 (Stephan 2009 ).
In contrast, very few archaeological 87 Sr/ 86 Sr data from the Franconian Jura have been published so far. One Bell Beaker Table 1 individual (Endneolithic) from Pommelsbrunn, about 30 km southeast from the Dietersberg Cave on similar (Middle and Late Jurassic) bedrock, has been analysed yielding 87 Sr/ 86 Sr values of 0.71054 (tooth) and 0.70998 (bone) (Grupe et al. 1997, 521; Price et al. 2004, 26) . Therefore, the three animal bones analysed in this study add considerably to the Sr isotope data available for this region. From the limited isotope data available, one would anticipate 87 Sr/ 86 Sr to range between 0.708 and 0.7105 for local animals. However, the values for the fox and pig from Dietersberg Cave exceed this range significantly. While it is conceivable that the animals (or their bones) were brought to the cave from further away, it seems much more likely that the animals were local; this is especially true for the fox (a synanthropic animal). For human remains (teeth) from the contemporaneous Iron Age cemetery Dietfurt, a similar 87 Sr/ 86 Sr range from 0.70967 to 0.71102 was determined (n = 13, unpubl.).
Taking into account the geological diversity of the area and the 87 Sr/ 86 Sr measured in the animal bones, the 'local' bioavailable 87 Sr/ 86 Sr for the Dietersberg Cave would range from roughly 0.709 to 0.7115. When we also take the neighbouring 'tails' of the human 87 Sr/ 86 Sr clusters in this range into account (Fig. 3) , the 'local' 87 Sr/ 86 Sr values range from about 0.70867 to 0.71167. Values below and above this range can be considered as most likely 'non-local'. This would apply to one and six individuals, respectively. This range of 'local' 87 Sr/ 86 Sr values is considerable and displays a multimodal distribution. Dietary preferences of the individuals and/or different food catchment areas may have caused this 87 Sr/ 86 Sr distribution pattern. Additionally, it could also be related to socially complex society where people had different individual access to certain food components.
Defining a baseline for δ 18 O is more straightforward. Judging from modern precipitation values, for the Franconian Alb, annual mean δ 18 O H2O values between −8.8 and −9.2‰ are to be expected (GNIP database n.d.: Hof-Hohensaas and Regensburg , arithmetic means of monthly values, respectively). It is not certain that these modern meteoric water values prevailed also during prehistoric times, but it is the best assumption that can be made at this time. Whether bone δ 18 O c values reflect these meteoric water values depends on the drinking behaviour of the humans. For instance, the type of drinking water source used (rivers, groundwater and lake water), seasonal variation in source water consumption and abnormal weather conditions in the years prior to death can all influence δ 18 O c composition. Archaeological samples from pig enamel demonstrate that substantial intra-and inter-annual δ 18 O H2O variations can occur (Bentley and Knipper 2005, 631 Fig. 2) . Nevertheless, δ 18 O c values of Iron Age human skeletal remains allow us to isotopically characterize drinking water sources and to assess if different sources were used.
The cemetery of Dietfurt a. d. Altmühl around 80 km to the SSE yields a mean δ 18 O c of the individuals of −8.12 ± 0.68‰ (1SD, n = 9; unpubl.). Another contemporaneous cemetery, Werneck-Zeuzleben, is located about 90 km WNW from Dietersberg Cave. Here, the mean δ 18 O c of the individuals is −7.86 ± 0.93‰ (1SD, n = 12; unpubl.). The mean value of the individuals from the Dietersberg Cave of −8.0‰ falls right in between these two means and thus is in line with consumption of local drinking water.
Taking the mean ± 2 standard deviations (= 0.61‰, resulting in a range of −6.78 to −9.22‰) for all Dietersberg Cave individuals (n = 28) as the local baseline seems not appropriate given the bimodal distribution of the individuals older than 20 years. The individuals aged 19 or less (n = 15) Table 1 exhibit a somewhat higher mean of −7.83‰ with a standard deviation of 0.46‰. Adding and subtracting two standard deviations lead to a range of −6.91 to −8.75‰. With this narrower range, the four adult individuals at the lower end of the distribution with values around − 9.0‰ would be classified as non-locals.
Overall, seven individuals out of 33 (= 21.2%) were considered non-local by means of 87 Sr/ 86 Sr if the baselines defined above are accepted. Among them are five adults and two nonadults. This implies that these individuals may have spent their early years elsewhere as molar crowns (mostly M1, m2 in the case of the child and P1 in the case of one of the adults [no. 8]) mineralize in early childhood. To this group, another four adults with very low δ 18 O values can be added. It is likely that they came from the south of the Dietersberg Cave where lower δ 18 O values occur. Taken altogether, eleven of 38 individuals (= 28.9%) or nine out of 18 adult individuals (= 50.0%) would be considered 'non-local', based on these assumptions.
However, one must keep in mind that isotope ratios within the ranges defined above are likely consistent with local origins but may also occur in non-local individuals from localities with similar geological and climatic/hydrologic conditions.
In regular Iron Age cemeteries, 50% non-local adults are common (Müller-Scheeßel et al. 2015) . Therefore, the assumed percentage of non-local adults from the Dietersberg Cave seems to reflect the general high mobility of adults in the Iron Age.
Diet
Generally, the collagen δ 15 N and δ 13 C values of the humans from the Dietersberg Cave fit into the range of other Table 1 populations dating to the Iron Age (Fig. 9 ). While their values certainly lie at the lower end of both ranges, there is no indication that their diet was fundamentally different from that of other contemporary groups. Similar values were recently found in three Iron Age individuals from the 'Cherry Tree' Cave situated in the same region (Seregély et al. 2015, 231 Tab. 14) . The δ 13 C values fall mostly in the typical range expected for consumption of food from terrestrial C 3 -plant ecosystems, and the δ 15 N values indicate some degree of animal protein (i.e. meat) consumption, albeit perhaps at a low level. The stable isotope data is in line with a mixed, mainly cereal-based diet with additional consumption of some animal products, as typical for Iron Age populations. Thus, no specific diet could be detected which would confirm Baum's hypothesis that the Dietersberg humans were beekeepers. Nevertheless, the differences in Δδ 13 C carbonate-collagen between adults and non-adults indicate a variable diet between the different age groups, whereby adults exhibit on average lower carbonate-to-collagen spacings than the non-adults. With the exception of the very young children where δ 15 N indicates a nursing effect, non-adults with collagen δ 15 N signatures that fall into the same range as those of the adults have higher Δδ 13 C carbonate-collagen values, indicative of a lower proportion of fat in the daily diet. Possibly, this energy-rich food component was largely reserved for the adults that had a higher energy use in the course of physical work. The finds from the Dietersberg Cave combine low δ 15 N values with high Δδ 13 C carbonate-collagen spacings and are thus compatible with a diet largely based on cereals. A possible influence of C 4 plants (see Ambrose et al. 2003) , however, cannot be ruled out completely because millet was already a staple food at that time (Baitinger et al. 2010, 305, Fig. 10; Oelze et al. 2012; Knipper and Maus 2016; Knipper et al. 2017; Moghaddam et al. 2016 ; see also the survey by Lightfoot et al. 2013) .
The high δ 15 N values > 10.5‰ of small children (< 3 years) most likely reflect breastfeeding, while children > 3 years have δ 15 N values similar to those of adults ( Fig. 6 ) and were obviously already fully weaned. Thus, weaning presumably took place prior to or latest around the age of 3 years. On the other hand, the youngest individuals, the perinatals, are similar to the adults and thus were probably still in isotopic equilibrium with their mothers.
Anthropology
Baum claimed that the age distribution of the individuals is compatible with that of a 'regular' cemetery. At first glance, this could be true (Fig. 10 ) because all age categories (except the senile ones) are represented. However, upon closer inspection, the age distribution differs in some aspects from that of a 'regular' cemetery (here Dietfurt is used for comparison; data taken from Röhrig 1994): Such cemeteries frequently document a surprisingly low death rate in children; only for age class 1-5 years does the probability exceed 10%. From adulthood onwards, the rate increases steadily; the 'dip' in the mortality rates in individuals aged 40+ − also been observed in other contemporary cemeteries (e.g. Magdalenenberg: Z ä u n e r a n d Wa h l 2 0 1 3 , 144, Tab. 2a, column 'Sterbewahrscheinlichkeit in %') and could be due to inherent problems with anthropological methods for the determination of age at death. In contrast, the death rate for the children below an age of 10 years from the Dietersberg Cave is several times higher than for those from Dietfurt. For example, children of the age between 5 and 10 years had a probability to die of 22%, while for the children from Dietfurt, this value was only 8%. For the adult individuals, the probability curve for the Dietersberg Cave is very jagged, which undoubtedly is also due to the overall low numbers of individuals, which makes it hard to compare and interpret the data. Still, it is interesting to note that the adults aged 20 to 30 show a much lower probability of death than those from Dietfurt.
These differences do not mean, of course, that the living conditions were completely different and thus lead to very different mortality patterns. Instead, it can be taken as an indication that the age distribution of the people deposited in Dietersberg Cave differs from that of 'regular' cemeteries and might indicate burial of selected individuals.
The high frequency of caries among the adult individuals from the Dietersberg Cave of 25.7% is remarkable when compared with other contemporaneous populations. For Dietfurt, a lower frequency of caries (8.8%) is reported, which is in line with other contemporaneous 'regular' cemeteries (see Baum, 1999, 96 f., e.g.) . A similar high percentage of one quarter of affected teeth is, however, also found among the individuals from the Durezza Cave in Austria (Fabrizii-Reuer and Reuer 1997, 174 Tab. 21) .
Setting aside the possibility that the individuals from the Dietersberg Cave consumed a more cariogenic diet, as proposed by Baum, another explanation could be that the higher caries infection rate reflects an on average higher ontogenetic age of these individuals. This would fit with the slightly later peak in the age distribution described above.
Archaeological finds
The small number of archaeological finds is in accordance with observations in other caves of similar age (especially the Durezza Cave/Austria: Gleirscher 1997) . In comparison with contemporary 'regular' burials, the absence of fibulae and belt buckles is particularly remarkable and contrasts with so-called offering places where such pieces are regularly found (Müller-Scheeßel 2013) . It was suggested that the human bodies were brought to theses caves naked or only covered in shrouds but still adorned with jewellery (Gleirscher 1997, 233) . However, the few pieces of jewellery found in the Dietersberg Cave could have adorned only some of the bodies. Some of the bronze objects were worn or reworked (Baum 1999, 100) , and none of them could be regarded as 'high-status' jewellery as it appears in contemporaneous 'regular' burials. Still, the comparatively large number of eye beads and cowrie snails, which are frequently linked to apotropaic practices (Pauli 1975) , is peculiar and requires further explanation.
Final consideration of the four burial scenarios for the dead in Dietersberg Cave
In the introduction, four basic scenarios were outlined for the deposition of human remains in the Dietersberg Cave: (1) victims of sacrifices, (2) 'regular' burial place (perhaps, of beekeepers), (3) special/deviant social group and (4) special/deviant circumstances of death. In the following, we discuss to what extent the available archaeological, anthropological and isotopic information can help us to evaluate these four competing hypotheses.
From the age distribution of the individuals, it seems obvious that the first scenariohuman sacrificecan be ruled out: It is hard to believe that humans of all ages and both sexes were chosen indiscriminately for 'sacrifice' (as already argued by Baum 1999) .
On the other hand, the 14 C dates indicate that the cave was used as place of deposition for human corpses for nearly 500 years, much longer than Baum originally hypothesized. Even assuming that the 46 individuals identified by Baum represent only the minimum number of individuals deposited, this would not allow for a social group of plausible size. 7 Thus, the dead in the cave can only represent a small portion of the actual burial community. Furthermore, there is no indication that the diet of the humans from the Dietersberg Cave was fundamentally different from that of other contemporary groups. However, it is not clear whether the diet of beekeepers (with a possibly higher portion of honey) is expected to be isotopically distinct from the typical diet of Iron Age populations. At best, the higher rate of caries in the Dietersberg assemblage could be taken as tentative indication for such a scenario (i.e. a more cariogenic diet). Overall, however, scenario 2the cave as a 'regular' burial place of a small group of specialized beekeepersis also not convincing.
That leaves us with the other two options: deviant social group (scenario 3) or deviant mode of death (scenario 4).
Considering the moderate social complexity, which is usually assumed for Iron Age societies (e.g. Burmeister 2000), social deviancy would probably result in the deposition of individuals of especially low or high social positions in the cave. As described above, few archaeological objects were found, some of them even showed signs of wear or reworking, and none of which could be regarded as 'high-status' jewellery. This could be an indication that social inferiority might indeed have played a role. In this case, the dead in the cave could have been captives in some sense, being slaves or prisoners of war or both, or their descendants (the non-adults). 8 What is at odds with the 'captive' scenario, however, is the large number of seemingly 'local' individuals based on the 87 Sr/ 86 Sr and δ 18 O values: a priori, with slaves as well as prisoners of war, one would expect a much higher proportion of 'non-locals', raided in farer-away locations. However, only two non-adults were non-local, and the number of non-locals among the adults (50%) cannot be regarded as exceptional, as was been pointed out earlier. Though it must be 7 Assuming 50 individuals and a period of deposition of 500 years, a single person would have died only every 10 years. With a theoretical life expectancy of 25 years, this would amount to a population size of only two to three individuals. 8 The existence of slaves or the habit of taking prisoners is hard to prove archaeologically. From later sources, we know that the inhabitants of Western and Central Europe traded slaves with their Mediterranean neighbours (e.g. Poseidonius: Diodorus 5, 26.3). Knipper et al. 2017 , 1318 conceded that we know virtually nothing of Iron Age slavery, scenario 3at least in this extreme formis therefore not completely convincing either. However, the evidence pointing to low social standing for the individuals in question is still valid. Even if one regards the high rate of caries not as a sign of affiliation to a socially inferior grouphigh rates of caries are usually more linked to low-status individuals in pre-modern societies (Lanfranco and Eggers 2012, 18 )but instead as an indication of the higher proportions of older individuals in the assemblage, this hypothesis is still in accordance with the general understanding of Iron Age society in which only a small percentage of older adults gained in status (Burmeister and Müller-Scheeßel 2005) . The last alternative, deviant mode of death, is best supported by the unusual large amount of eye beads and cowrie shells discovered in the cave. It seems conceivable that they were given to the individuals in a state of crisis before or even after their death as a kind of amulet and were deposited with the individuals in the cave after death.
In this regard it is worth mentioning the very high number of perinatal individuals found in the cave. While it is entirely possible that they represent stillbirths, it is equally likely that they were placed there not on their own but unborn together with their mothers who had died in childbirth. Ethnographically it is well known that the corpses of women having died during childbirth are handled in a special way (Meyer-Orlac 1982, 75ff.; Shay 1985) . Such a scenario seems especially likely for the perinatal and adult individual (of unknown sex) with outstandingly high collagen δ 13 C values > −18‰ (Fig. 6 ).
Conclusion
In summary, we state that our observations are partly explained by two of the four scenarios outlined in the introduction. We can exclude two popular hypotheses brought forward to explain the deposition of the dead humans in Dietersberg Cavehuman sacrifice and 'regular' burial place for a small social groupas well as a non-local provenance of the majority of the deposited individuals. Overall, it seems that there are at least two main motivations for the deposition of the human remains in the cave: Some of the individuals obviously belonged to a lower social stratum of their Iron Age communities, whereas others perhaps suffered a 'bad' death such as death during childbirth.
While the distinction between deviant social group and deviant mode of death seems useful to us, it may very well be that in the Iron Age, this differentiation was not made at all. What these two groups have in common is that they were not considered appropriate to be buried in a 'regular' cemetery.
In this regard, it is worth emphasizing that the youngest age group, the infans I individuals, are relatively abundant in Dietersberg Cave but are typically under-represented in 'regular' burial places, possibly having not yet 'earned' their place in the 'regular' cemetery. Some of the adults with an isotopically inferred 'non-local' provenance might accordingly represent individuals that have died away from home andbecause of missing family tieswere not buried 'properly' in a regular cemetery. Another reason for a special treatment of dead persons, also known ethnographically, might be dying without descendants. However, these last two cases are hard to prove archaeologically.
The Dietersberg Cave was thus probably not the depositional place for only one category of dead individuals, but rather for those individuals whose burial in the 'regular' cemetery was not considered appropriatefor various reasons. Social status, cause of death and (young) age were important aspects, but certainly not the only ones.
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